This paper evaluates out-of-sample exchange rate forecasting with Purchasing Power Parity (PPP) and Taylor rule fundamentals for 9 OECD countries vis-à-vis the U.S. dollar over the period from 1973:Q1 to 2009:Q1 at short and long horizons. In contrast with previous work, which reports "forecasts" using revised data, I construct a quarterly real-time dataset that incorporates only the information available to market participants when the forecasts are made. Using bootstrapped outof-sample test statistics, the exchange rate model with Taylor rule fundamentals performs better at the one-quarter horizon and panel estimation is not able to improve its performance. The PPP model, however, forecasts better at the 16-quarter horizon and its performance increases in panel framework. The results are in accord with previous research on long-run PPP and Taylor rule models.
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Introduction
Following the collapse of the Bretton-Woods system, the introduction of flexible exchange rate regimes attracted much attention to the area of international macroeconomics in an attempt to explain exchange rate behavior. Theoretical papers such as Dornbusch (1976) , which extended the Mundell-Fleming model to incorporate rational expectations and sticky prices and introduced overshooting as an explanation for high exchange rate variability, and empirical work such as Frankel (1979) , which found success in estimating empirical exchange rate models, inspired research in this field by pointing out the ability of macroeconomic models to explain exchange rate variability.
The seminal papers by Rogoff (1983a, 1983b) put an end to the atmosphere of optimism in exchange rate economics by concluding that empirical exchange rate models do not perform better than a random walk model out-of-sample. Their finding is still hard to overturn more than two decades later. Cheung, Chinn, and Pascual (2005) , for example, examine out-of-sample performance of the interest rate parity, monetary, productivity-based and behavioral exchange rate models and conclude that none of the models consistently outperforms the random walk at any horizon.
Are empirical exchange rate models really as bad as we think? Recent studies have found evidence of exchange rate predictability using either panels or innovative modeling approaches. Engel, Mark, and West (2007) use panel specifications of the monetary, Purchasing Power Parity (PPP) and Taylor (1993) rule models, Rossi (2006) uses the monetary model in the presence of a structural break, Gourinchas and Rey (2007) use an external balance model, Molodtsova and Papell (2009) use a heterogeneous symmetric Taylor rule model with smoothing, and Cerra and Saxena (2008) use a broad panel specification of the monetary model.
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A common problem with the papers discussed above is their reliance on ex-post revised data for the forecasting analysis. Although it seems obvious that out-of-sample exchange rate forecasting should be evaluated using real-time data, which reflects information available to market participants, it is still very rare in the exchange rate literature. Almost all existing studies on exchange rate forecasting exploit revised data which contains future information, due to revisions and additions of new data, that is not available to either policymakers or market participants. Out-of-sample forecast evaluations based on ex-post revised data yield misleading inference about the exchange rate models, and information problems of market agents are not accounted in the analysis. Meese and Rogoff (1983a) use both ex-post revised data and actual realized values of future explanatory variables to test the forecasting ability of structural models. As Rossi (2005) emphasizes, to forecast economic variables which are driven by persistent and permanent shocks, the econometrician might measure agent's probability distribution poorly by using actual realized values of future explanatory variables.
To forecast exchange rates, which are primarily driven by expectations, real-time data would be more advantageous due to capturing the information set of market participants as closely as possible in contrast to ex-post revised data and actual realized values of future explanatory variables.
The first paper to use real-time data to evaluate nominal exchange rate predictability is Faust, Rogers and Wright (2003) . Examining the predictive ability of Mark's (1995) monetary model using real-time data for Japan, Germany, Switzerland and Canada vis-à-vis the U.S, they report that the models consistently perform better using real-time data than fully revised data. However, none of the models perform better than the random walk model. More recently, Molodtsova, NikolskoRzhevskyy, and Papell (2008, 2011) find evidence of predictability with Taylor rule fundamentals using real-time data for the Deutschmark/dollar and Euro/dollar exchange rates. Molodtsova, Nikolsko-Rzhevskyy, and Papell (2008) find evidence of out-of-sample predictability with Taylor 3 rule fundamentals only using real-time data as opposed to ex-post revised data and confirm the conclusion of Faust, Rogers and Wright (2003) that exchange rate dynamics might react more to the market's contemporaneous beliefs about the fundamentals than true underlying fundamentals.
There are no studies on exchange rate forecasting with real-time data for a reasonably large number of countries over the post Bretton Woods period because of the limited availability of realtime data for countries other than the U.S. In this paper, I construct a quarterly real-time dataset that contains 9 OECD countries (Australia, Canada, France, Germany, Italy, Japan, Netherlands, Sweden, the United Kingdom) vis-à-vis the U.S. dollar over the period from 1973:Q1 to 2009:Q1 to evaluate both short and long-horizon out-of-sample forecasting performance of the linear exchange models using PPP and Taylor rule fundamentals. I construct real-time price and inflation data from the International Financial Statistics (IFS) country pages using the consumer price index (CPI), and estimate real-time output gaps using the industrial production index.
A problem associated with recent papers presenting evidence of exchange rate predictability is that these studies employ only a test developed by Clark and West (2006) (henceforth, CW test).
The CW statistic adjusts the Diebold and Mariano (1995) and West (1996) (henceforth, DMW test) statistic to correct for size distortions. If two models are non-nested, the DMW test is appropriate to compare the mean square prediction errors (MSPE's). Applying DMW tests to compare the MSPE's of two nested models, however, leads to non-normal test statistics, and using standard normal critical values usually results in very poorly sized tests with far too few rejections of the null. This is a problem for out-of-sample exchange rate forecasting because, since the null is a random walk, all tests with structural models are nested. While the CW adjustment produces a test with correct size, Rogoff and Stavrakeva (2008) argue that it cannot evaluate forecasting performance because it does not test the null hypothesis of equal MSPE's of the random walk and the structural model. In order 4 to satisfy the conditions for a "good" exchange rate forecasting model, empirical studies need to present evidence that the exchange rate model has MSPE that is significantly smaller than that of the random walk model, which cannot be done solely with CW test in the case of forecasting bias.
1 They advocate the use of DMW tests with bootstrapped critical values to produce correctly sized tests.
Engel, Mark and West (2007) find that panel error-correction exchange rate models with PPP fundamentals are able to produce large improvements in out-of-sample forecasting at longer horizons. 2 Because they use ex-post revised data, the exchange rate models in their study contain future information that was not available to market participants. "Forecasts" that are produced using future news in the information set of the linear model cannot be evaluated within an out-of-sample forecasting exercise. Forecasts with real-time data, however, do not contain any unrealized future information in the information set of the linear model, and thus are a true out-of-sample forecast.
Molodtsova and Papell (2009) find evidence of out-of-sample predictability with the Taylor model at short horizon using single-equation estimation. Although they use ex-post revised data to calculate inflation, they estimate output gaps with quasi-real-time data in order to capture the information available to central banks as closely as possible. Quasi-real-time data is constructed with ex-post revised data, but the trends do not contain future observations and the data points are used with a lag for estimation. While quasi-real-time data does not contain future observations, it captures revisions which are not available to market participants. Therefore, forecasting exercises with quasireal time data are also not true out-of-sample forecasts.
This paper evaluates out-of-sample forecasting with PPP and Taylor rule fundamentals using my newly constructed real-time dataset for 9 OECD countries vis-à-vis the U.S. dollar with single-equation and panel error-correction frameworks based on bootstrapped DMW and CW test statistics. 3 The out-of-sample forecast results with PPP fundamentals confirm the findings in Engel, Mark and West (2007) that the predictability of the PPP model increases with the panel specification and the PPP model has higher predictive power at long horizons. Evidence of long-term predictability with the PPP model is found for 6 out of 9 countries with the CW test and 5 out of 9 countries with the DMW test against the driftless random walk. The exchange rate model with PPP fundamentals using panel data outperforms the driftless random walk for all the countries in the sample at the 16-quarter horizon regardless of which test statistic is used.
The predictability with Taylor rule fundamentals, in contrast, is greatest with the singleequation specification, and the Taylor rule model has higher forecasting power at the short horizon as indicated in Molodtsova and Papell (2009 
Data
The real-time quarterly data used in this study covers the post-Bretton Woods period from The release dates for real-time variables vary across countries and the timing of data release is very crucial for forecast evaluation. For example, the industrial production index for Germany is released approximately 38 days after the end of the reference month, while the U.S. industrial production index is released from 12 to 18 days after the reference month. To minimize the time between the release of the data and the start of the forecast, the quarterly real-time dataset is 4 The smoothness parameter for HP filter is 1600 with quarterly data. 5 While Watson (2007) also suggests to backcast the series, the series in each data vintage extends through 1958:Q1, which is long enough to remove the distortions in the beginning of the sample created by a onesided filter. negative for all the countries, which implies that the output gaps are being revised upwards on average. According to the summary statics in Table 1 , policy recommendations based on real-time and revised data may differ substantially with most of the differences coming from the revisions in output gaps. 
Methodology
The econometric analysis in this study is based on panel estimation of the predictive regression,
where and . 8 In the predictive regression, denotes the natural log of the nominal exchange rate, measured as the domestic price of U.S. dollar (which serves as base currency) for country i at time t. The deviation of the exchange rate from its equilibrium value is denoted by , and stands for the fundamental in the exchange rate model that is determined either by PPP or Taylor rule. The forecast horizon , takes on the value of 1 for short-horizon and 16 for long-horizon regressions. The regression error, , contains unobserved components, where is the individual specific effect, is the time-specific effect, and is the residual idiosyncratic error.
PPP Fundamentals
Numerous studies that test for unit roots in real exchange rates using panels of industrialized countries have found strong rejections in the post-1973 period. The strong rejections of unit roots encourage testing the forecasting power of exchange rate models with PPP fundamentals. Recently, Engel, Mark and West (2007) have shown that PPP fundamentals forecast well at long horizons. Rogoff and Stavrakeva (2008) also conclude that PPP specification performs the best out of all the specifications they try.
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Under PPP fundamentals,
where is the log of the U.S. price level, and is the log of the price level of country i. I use the real-time CPI to measure of the national price level. Substituting PPP fundamentals (2) into equation
(1), I use the resultant equation for forecasting.
Taylor Rule Fundamentals
When central banks set the interest rate according to the Taylor rule, the linkage between the exchange rate and a set of fundamentals can be examined. According to Taylor (1993) , central banks set the monetary policy as: (3) where is the target for the short-term nominal interest rate, is the inflation rate, is the target level of inflation, is the output gap, or percent deviation of actual output from an estimate of its potential level, and is the equilibrium level of the real interest rate. It is assumed that the target for the short-term nominal interest rate is achieved within the period, so that there is no distinction between the actual and target nominal interest rate.
The parameters and in equation (3) can be combined into one constant term and we have: (4) where . If the central bank sets the target the level of exchange rate to make PPP hold,
where is the real exchange rate. The central bank increases (decreases) the nominal interest rates if the exchange rate depreciates (appreciates) from its equilibrium value under PPP assumption in the Taylor rule. Allowing the interest rate to achieve its target level within the period:
and is the nominal interest rate. Subtracting the Taylor rule equation for the foreign country from that for the base country, the U.S. (denoted by "0"), equation (6) becomes:
Imposing the uncovered interest rate parity condition , the expected change in nominal exchange rates is equal to the interest differential:
(8) Molodtsova and Papell (2009) refer to the specification (8) as homogenous asymmetric
Taylor rule with no smoothing. They estimate the parameters and in equation (8) country-bycountry in a rolling regression framework. Rather than estimating the coefficients, I follow the approach developed by Engel, Mark and West (2007) , who posit a Taylor rule such that =1.5, =0.1 and =0.1. Imposing fixed coefficients for all the countries is preferable for two reasons.
First, increasing the number of parameters to be estimated in a panel may reduce the efficiency of forecasts and bring noise to the system. Second, this approach provides a better comparison of forecasts obtained with real-time data and those obtained with ex-post revised data in Engel, Mark, and West (2007) . The Taylor rule fundamentals to be used in forecasting equation (1) become:
It is well known in the literature that the uncovered interest rate parity condition does not hold in the short run. With an error correction specification, the exchange rate forecasting model, , is used to generate out-of-sample forecasts both at the shorthorizon (where k=1) and the long-horizon (where k=16).
Out-of-Sample Forecasting
Estimation
To produce out-of-sample forecasts, the sample has to be split into two components, insample and out-of-sample. The in-sample component is updated recursively to estimate the parameters in equation (1) Following Mark and Sul (2001) and Engel, Mark and West (2007) , the predictive regression is estimated through 1982:Q4. For k=1 (k=16), the predictive regression is used to forecast 1-stepahead (16-step-ahead) exchange rate returns in 1983:Q1 (1986:Q4). Then, the in-sample component is updated recursively by extending the sample up to 1983:Q1 and equation (1) is re-estimated at each step. For k=1 (k=16), the predictive regression is used to forecast 1-step-ahead (16-step-ahead) exchange rate returns in 1983:Q2 (1987:Q1), and the loop continues until the last observation. At the end, 105 forecasts for k=1 and 90 overlapping forecasts for k=16 are derived with both PPP and Taylor rule fundamentals.
One crucial point for multi-period ahead forecasts in the panel framework is that the time effect needs to be forecasted. For k-period ahead forecasts, the time effect in period t+k is calculated by taking the recursive mean of the time effect until period t, such as .
Comparisons of Forecasts Based on MSPE
To compare the out-of-sample forecasting ability of the two nested models, this study focuses on the minimum mean-squared prediction error (MSPE) approach, which became dominant 13 in the literature after Rogoff (1983a, 1983b) . Forecasts of linear and random walk models are calculated as:
Linear Model:
Random Walk with Drift:
where is the estimated drift term. 10 Taking the difference between actual and predicted values of exchange rates gives the prediction error. The MSPE approach selects a model which has significantly smaller MSPE than the random walk with or without the drift.
Out-of-Sample Test Statistics
To measure the relative forecast accuracy of the linear model against the driftless random walk and the random walk with drift, I use two alternative test statistics: the Diebold-Mariano and West (DMW) and the Clark-West (CW) statistics.
The Diebold-Mariano and West (DMW) Test
Suppose that a martingale difference process and a linear model are given as: The DMW test statistic is
The asymptotic DMW test works fine with non-nested models. However, the size properties of the asymptotic DMW test have been widely criticized for nested models. McCracken (2001, 2005) and McCracken (2007) show that the limiting distribution of the DMW test for nested models under the true null is not standard normal. Undersized DMW tests cause too few rejections 15 of the null and may miss the statistical significance of the linear exchange rate model against the random walk. West (2006, 2007) show that the sample difference between the MSPE's of two nested models in DMW test is biased downward from zero in favor of the random walk.
The Clark-West (CW) Test
Under the null hypothesis, the exchange rate follows a random walk, such that
Since the independent variables are not correlated with the disturbance term, the first term in equation (14) is equal to zero. 11 West (2006, 2007) show that
because estimating the parameters of the alternative model under the true null (which are zero) brings noise into the forecasting process. Clark and West (2006) recommend an adjusted DMW statistic that adjusts for the negative bias in the difference between the two MSPE. Defining the adjustments as follows, 
by assumption, we have 
Bootstrapping Out-of-Sample Test Statistics
Size distortions of the DMW test in small samples can be reduced by bootstrapping the finite sample distribution of the test statistics. Kilian (1999) state that unlike asymptotic critical values, correctly specified (maintaining the cointegration between the exchange rate and fundamentals under the null hypothesis) bootstrap critical values adapt for the increase in the dispersion of the finite-sample distribution by itself. Kilian (1999) also suggest that the bootstrap is appropriate for multi-period ahead forecasts. Based on simulation evidence, Li and Maddala (1997) and Li (2000) also indicate bootstrapped tests have smaller size distortions and higher test power than asymptotic tests in cointegrating systems. Howbeit, Berkowitz and Kilian (2000) emphasize the importance of bootstrapping type implemented to preserve cointegrating relationships in the data.
12 In the presence of the scale bias, the null hypothesis of the CW and the DMW tests are different.
They argue that cointegration appears to be a parametric notion and parametric bootstraps are more accurate than non-parametric ones. Mark and Sul (2001) and Rogoff and Stavrakeva (2008) Having insignificant bootstrapped DMW test statistics in certain cases, as opposed to highly significant asymptotic CW test, Rogoff and Stavrakeva (2008) criticize the asymptotic CW test to be oversized and has less power than the bootstrapped DMW test in the presence of forecast bias.
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Oversized asymptotic CW test would cause too many rejections of the null hypothesis that exchange rate does not follow a random walk. It may detect spurious statistical significance and favor the alternative, structural exchange rate model. In this paper, I evaluate the out-of-sample predictive ability of exchange rate fundamentals based on bootstrapped critical values for CW and DMW tests.
Rogoff and Stavrakeva's (2008) method of bootstrap (which imposes cointegration
restriction between the exchange rate and the fundamentals) for each country is used in this study as follows: 
Empirical Results
This section compares one-and 16-quarter-ahead out-of-sample performance of the linear exchange rate model with PPP and Taylor rule fundamentals to that of the random walk model with and without drift using a newly constructed real-time dataset. The tables report the MSPE ratio, the ratio of the MSPE of the structural model to that of the random walk, and the DMW and CW test statistics with their respective bootstrapped p-values. A significant DMW or CW test statistic implies that the linear exchange rate model outperforms the random walk with or without the drift out-ofsample.
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PPP Fundamentals
One-quarter-ahead single-equation forecasting results with the PPP model are presented in Table 2 . No evidence of out-of-sample predictability is found with the PPP model against the driftless random walk for any exchange rate. The out-of-sample performance of the PPP model improves against the random walk with drift. Short-term predictability is found for Canada and
Sweden with the CW test and for 4 countries (Canada, Germany, Japan, and Netherlands) with the DMW test at the one-quarter horizon.
Panel one-quarter-ahead forecasts using PPP fundamentals in Table 3 are only slightly better than single-equation forecasts in Table 2 . The exchange rate model with PPP fundamentals using panel data significantly outperforms the driftless random walk only for Japan. The evidence of predictability of the PPP model with panel estimation, just like in the single-equation case, increases against the random walk with drift at one-quarter horizon. Short-term predictability is found for 5 out of 9 countries (Australia, Canada, Germany, Japan, and Sweden) with the CW test and for Australia and Sweden with the DMW test.
The low predictive power of the PPP model at the one-quarter horizon using panel and single-equation estimations is not surprising. Existing studies concerning the half-life of PPP, the expected number of years for a PPP deviation to decay by 50%, find half-lives of around 2.5 years.
14 Accounting for the slow adjustment of real exchange rates in advanced economies, one would expect the predictive ability of PPP model to be low at short horizons.
Sixteen-quarter-ahead out-of-sample forecasts with the PPP model and single-equation estimation are presented in Table 4 . The evidence of long-term predictability is stronger compared to one-quarter-ahead forecasts using the single-equation framework with rejections of the random walk null found for 4 countries (France, Germany, Netherlands, and Sweden) with the CW test.
More evidence of long-term predictability is found against the random walk with drift. Out-ofsample exchange rate predictability is found for 7 out of 9 countries (Australia, Canada, France, Germany, Japan, Netherlands, and Sweden) with the CW test and for 3 out of 9 countries (Australia, Canada and Netherlands) with the DMW test. The out-of-sample predictability of the PPP model with a single-equation framework is clearly improved at the l6-quarter horizon compared to onequarter horizon.
The PPP model performs best with the panel specification at the 16-quarter horizon. As reported in Table 5 , the evidence of predictability is found for 6 out of 9 countries (Canada, France, Germany, Japan, Netherlands, and Sweden) with the CW test, and for 5 out of 9 countries (Canada, Germany, Japan, Netherlands and Sweden) with the DMW test. Panel forecasts at long horizon are even more striking against the random walk with drift. Out-of-sample predictability is found for all the countries in the sample regardless of which test statistic is used. Because the persistence of deviation from PPP across countries is relatively homogenous, panel estimation becomes more efficient and the predictability of the panel exchange rate model with PPP fundamentals is much higher than the single-equation framework.
Taylor Rule Fundamentals
Following Engel, Mark, and West (2007) , predictive regressions using Taylor rule model are estimated where the coefficients on inflation, output gap, and real exchange rate are fixed at certain values. One-quarter-ahead single-equation forecasts with Taylor rule are reported in Table 6 .
Evidence of short-term predictability is found only for Japan. The exchange rate model with Taylor fundamentals works much better against the random walk with drift. Evidence of out-of-sample predictability found for 4 out of 9 countries (Australia, Canada, Japan, and Sweden) with the CW 21 test and for 5 out of 9 countries (Australia, Canada, Japan, Netherlands, and Sweden) with the DMW test.
Comparing Tables 6 and 7 Table 7 . No evidence of out-of-sample predictability is found against the driftless random walk regardless of which test statistic is used. The results are stronger against the random walk with drift. Evidence of predictability is found for 4 out of 9 countries (Australia, Canada, Japan, and Sweden) with the CW test and for 5 out of 9 countries (Australia, Canada, Germany, Japan, and Sweden) with the DMW test. Panel forecasts with the Taylor rule model at the 16-quarter horizon perform poorly. As reported in Table 9 , no evidence of either long-term predictability is found against the random walk, with or without drift, for any of the countries in the sample regardless of which test statistic is used.
Low forecasting power of the Taylor rule model at the short horizon is reasonable because central 22 banks target short-term nominal interest rates. These results are in accord with previous work using revised or quasi-real-time data. Molodtsova and Papell (2009) report that the evidence of short term predictability disappears at longer horizons with a single equation Taylor rule model, and Engel, Mark and West (2007) do not find more evidence of predictability with panel models.
Conclusions
The purpose of this paper is to investigate how real-time data affects out-of-sample predictability of PPP and Taylor rule exchange rate models at short and long horizons using singleequation and panel frameworks. The vast majority of empirical studies on exchange rate forecasting over the post-Bretton Woods period use ex-post revised data, which contain future information that was not available to policymakers and market participants at the time the forecasts were made.
Therefore, it cannot be used to evaluate predictability of exchange rate models out-of-sample.
Forecasts with real-time data, however, do not contain any unrealized future information in the information set of the linear model, mimic the information set of market agents as closely as possible, and thus can be used to construct a true out-of-sample forecast.
Engel, Mark and West (2007) find that panel error-correction exchange rate models with PPP fundamentals are able to produce large improvements in out-of-sample forecasting at longer horizons. Because they use ex-post revised data, the exchange rate models in their study contain future information that was not available to market participants. The results in this paper show that panel estimation increases the predictability of the PPP model relative to single-equation estimation.
Having relatively homogenous deviations from PPP across countries cause panel estimation to be more efficient and estimating the predictive regression with panel data increases the forecasting power of the PPP model. At the 16-quarter horizon, evidence of predictability is found with panel 23 estimation for 6 out of 9 countries with the CW test and 5 out of 9 countries with the DMW test against the driftless random walk and for all of the countries against the random walk with drift regardless of which test statistic is used. One-quarter-ahead forecasts of the exchange rate model with PPP fundamentals are weaker than long-horizon forecasts. Strong predictability of the PPP model at longer-horizons with panel estimation is in accord with estimated half-lives of PPP deviations of around 2.5 years, and confirms the findings in Engel, Mark and West (2007) . Molodtsova and Papell (2009) , using ex-post revised data to calculate inflation and quasireal-time data to estimate output gaps, find evidence of out-of-sample exchange rate predictability with the Taylor rule model at short horizon using single-equation estimation. While quasi-real-time data does not contain future observations, it captures revisions which are not available to market participants in real-time. Therefore, quasi-real time data also cannot be used to produce true out-ofsample forecasts. Out-of-sample forecasting exercises in our study show that the predictability of the Taylor rule model is higher at the short horizon than at the long horizon as in Molodtsova and Papell (2009) . Evidence of short-term predictability with the single-equation Taylor rule model is found for 1 out of 9 countries with both test statistics against the driftless random walk, and for 4 out of 9 countries with the CW test and 5 out of 9 countries with the DMW test against the random walk with drift. Since, central banks target short-term nominal interest rates, low predictive ability of Taylor rules at the long-horizon is not surprising. In contrast to PPP model, panel Taylor rule exchange rate models are unable to improve the forecasts compared with single-equation estimation, which is consistent with the results in Engel, Mark and West (2007) . As shown in Clarida, Gali and Gertler (1998), interest rate functions are different among the OECD countries, and so the assumption of identical monetary policy rules for all the central banks in panels is not very realistic
and not supported by the data. 
